High school teachers from across the nation are realizing that their schools could provide pre-engineering programs that allow students to explore their strengths and interests in engineering and engineering technology (Thilmany, 2003) . According to Dearing and Daugherty (2004) , leaders from both secondary technology education and college-level engineering have called for changes in the high school curriculum to address the need to adequately prepare high school graduates related to engineering and technology. To address this need, school districts across the nation are implementing pre-engineering courses into their curriculum. As schools infuse these pre-engineering programs, leaders and teachers in technology education are debating the merits of preengineering education (Lewis, 2004) .
2. Are there differences between high school teachers' perceptions regarding the effectiveness of various PLTW curricula in developing high school students' pre-engineering competencies?
Methodology In order to address these research questions, this study used a survey technique to ascertain the perceptions of Indiana's technology education teachers who currently teach PLTW courses. The State of Indiana was selected to serve as the base for this research since the PLTW curriculum is included in the State's technology education curriculum, requires PLTW teachers to hold a technology education teaching license, and has the highest per capita inclusion of PLTW in the nation.
Instrument
These PLTW teachers were first asked to provide demographic data: PLTW courses taught, highest degree earned, age group, and professional association membership. A survey instrument was developed that listed 14 pre-engineering competencies addressed by the PLTW high school courses of Introduction to Engineering Design (IED), Principles of Engineering (POE), Engineering Design and Development (EDD), Civil Engineering and Architecture (CEA), Computer Integrated Manufacturing (CIM), and Digital Electronics (DE). Competencies were considered to be the general descriptions of student abilities needed to succeed in a post-secondary engineering or engineering technology program (PLTW, 2005) . The competencies were selected as representative of the PLTW curriculum by a team of PLTW affiliate professors and PLTW curriculum consultants.
The IED course provides students with an application of the engineering design process based on parametric modeling techniques. POE provides high school students with a broad overview of the engineering field including statics, vector diagrams, tensile testing, and problem-solving. The DE course is focused on circuit design, logic gates, and microprocessors. CEA is concerned with developing knowledge and skills related to commercial site preparation, structure design, and building requirements. CIM is a course that allows students to develop skills in transferring design models to machining programs and then applying manufacturing automation. The PLTW capstone course, EDD, teams students with a practicing engineer to examine a real-world problem, explore design solutions, build a prototype, and conduct product testing.
PLTW teachers were asked to rate their perception of the effectiveness of PLTW course learning activities in developing pre-engineering competencies in their students. The ratings were on a five-point Likert-type scale: very effective (5), somewhat effective (4), no effect (3), somewhat ineffective (2), and very ineffective (1). The Likert-type scale was suggested for this type of study by both Zargari (1996) and McCall (2001) . McCall noted that "the words of the Likert scale are converted in a meaningful way to an interval scale that gives the researcher the ability to use totals or to calculate numerical averages" (p. 2). Construct validity was determined by three pre-engineering education professionals (Borg & Gall, 2002) .
Population and Sample
The population and sample for this study consisted of technology education teachers who had completed the PLTW professional development institute at Purdue University and were currently teaching PLTW courses in Indiana. The group was comprised of 76 technology education teachers. To the sample was mailed a cover letter, the survey instrument, and a postage-paid return envelope. The response was 44.7% (n = 34). The demographic description of the respondents can be viewed in Table 1 .
A master's degree or higher had been earned by 21 teachers (61.8%); 21 respondents (61.8%) were over 40 years of age; and 24 teachers (70.6%) were members of a professional association. Professional associations noted included: the International Technology Education Association (ITEA), the Technology Education Division of the Association for Career and Technical Education (ACTE/TED), and the American Society for Engineering Education (ASEE).
As noted in Table 2 , IED was taught by 26 PLTW teachers (76.5%); 12 teachers (35.3%) taught POE; and 17 teachers (50.0%) taught more than one PLTW course. DE and CEA both had six teachers (17.6%) who indicated that they taught those PLTW courses; CIM was taught by five respondents (14.7%); and EDD and GTT were taught by four of these PLTW teachers (11.8%). Teachers who taught only Gateway to Technology, PLTW's middle school course, were not utilized for this study's data analysis beyond the overall effectiveness rating. Note: Seventeen teachers taught more than one course.
Findings
The teachers' ratings of the overall effectiveness of the PLTW curricula in developing pre-engineering competencies in students are reported in Table 3 . Overall, the respondents indicated that the PLTW curriculum is effective in developing student competency in pre-engineering. The PLTW curriculum was perceived as very effective (M = 4.50 or higher) for developing over one half of the competencies noted. Those competencies included "construct electronic circuits (M = 4.67, SD = 0.492), "apply geometric constraints" (M = 4.65, SD = 0.485), and "apply the engineering design process" (M = 4.65, SD = 0.485). "Design logic gates" (M = 4.62, SD = 0.506), "design electronic circuits" (M = 4.62, SD = 0.506), "design automated manufacturing systems" (M= 4.56, SD = 0.512), and "perform parametric modeling" (M = 4.50, SD =0.508) were also perceived as very effective by this sample of PLTW teachers. Even the lowest perceived item, "perform CIM processes", supported the effectiveness of the PLTW curriculum (M = 4.00, SD = 1.130). Table 4 presents the teachers' effectiveness ratings of the PLTW curriculum divided by the PLTW courses taught. The competency ratings reported in Table  4 were calculated for only the PLTW teachers who indicated they taught that PLTW course. As previously noted, 17 teachers taught more than one PLTW course. IED teachers indicated that the IED curriculum was very effective in developing student competencies related to "applying the engineering design process" (M = 4.73, SD = 0.452), "applying geometric constraints" (M = 4.62, SD = 0.496), and "performing parametric modeling" (M = 4.46, SD = 0.647). POE teachers did not perceive the POE learning activities as effective as the IED activities, but still perceived the POE curriculum overall as effective (M = 4.33 to M = 4.00). DE teachers perceived the PLTW learning activities focused on developing students' competency to "design logic gates" as the lowest overall item (M = 3.83, SD = 0.983). DE activities related to "design" and "construct electronic circuits" were noted as effective for students (M = 4.17, SD = 0.753). The perceptions of the DE teachers related to their DE learning activities were lower than the overall perception of these activities (see Table 3 ) that included the input from non-DE teachers. CEA instructors indicated that their curriculum was effective for two competencies included in this survey, "design commercial structures" and "conduct structural analyses" (M = 4.17). CIM teachers perceived the PLTW CIM curriculum effective (M = 4.40) in developing skills related to "design and perform CIM processes," while EDD teachers noted that their curriculum was approaching very effective in developing students' competency to "design and prototype design solutions" (M = 4.50, SD = 0.577).
Further analysis was conducted only on the responses of the IED teachers and the POE teachers, since the IED teachers comprised 76.5% of the respondents (n = 26), and the next largest group was the 12 POE teachers (35.3%). Statistical analyses of the IED and POE teacher groups were conducted using the t-test to compare the teachers by highest degree earned and membership in professional associations. The one-way analysis of variance (ANOVA) was utilized to statistically compare the perceptions of these PLTW teachers related to age group.
In comparing perceptions of the IED teachers (n = 26) by highest educational degree earned, bachelor's degree and master's degree, no significant differences were found. However, the IED teachers with a bachelor's degree perceived the PLTW curriculum as being very effective (M = 4.89, SD = 0.333) in developing student competencies related to "applying the engineering design process" (see Table 5 ). The results of examining the IED respondents' perceptions related to their membership in a professional association (ITEA, ACTE/TED, or ASEE) are presented in Table 6 . There were no significant differences indicated between professional association members (n = 16) and non-members (n = 10) related to their perception of the effectiveness of the IED curriculum.
Curricular effectiveness examined by IED teachers' age group is presented in Table 7 . It must be noted that younger PLTW teachers (less than 40 years of age) and older PLTW teachers (over 50 years of age) perceived the effectiveness of the IED curriculum as more effective than middle-aged teachers (41 to 50 years of age). All of the younger IED teachers (n = 9) perceived the IED learning activities in developing student competencies in "apply the engineering design process" as very effective (M = 5.00, SD = 0.000). An age (F = 7.924, p = 0.002, df = 25). The ANOVA related to "apply geometric constraints" and "perform parametric modeling" did not indicate any significant differences between age groups. The comparisons of the POE teachers (n = 12) in relationship to their highest degree earned are reported in Table 8 . While PLTW teachers with a master's degree did perceive "design and construct automated manufacturing systems" higher (M = 4.44, SD = 0.527) than teachers with a bachelor's degree (M = 3.67, SD = 1.15), no significant difference was indicated. Both educational levels perceived activities as effective for the competency of "perform materials testing" (M = 4.00). POE teachers' membership in a professional association did not indicate any differences in their perception of the effectiveness of the POE curriculum (see Table 9 ). Table 10 presents the POE teachers' perception of POE learning activities grouped by their age. Overall, no significant difference was indicated related to "design automated manufacturing systems" and "design and construct automated manufacturing systems." The older teachers (over 50 years of age) did perceive the POE activities higher in regard to "perform materials testing" (M = 4.50, SD = 0.577) than the middle-aged POE teachers (41 to 50 years of age) (M = 3.60, SD 0.894). However, the ANOVA did not indicate any significant difference between the age groups related to this activity. Conclusions The results of this study indicated that Indiana's PLTW teachers perceive the PLTW curriculum as being "effective" to "very effective" in developing preengineering competencies in their high school students. This positive perception was true across all PLTW courses: IED, POE, DE, CIM, CEA, and EDD. This finding concurs with an article by Bottoms and Anthony (2005) that noted the PLTW curriculum contains effective educational learning activities and that these activities have a positive effect on students' learning the PLTW preengineering competencies.
Data indicated that one half of the respondents were teaching more than one PLTW course and that three fourths of the PLTW teachers were teaching the IED class. Since IED is the initial high school course, this was to be expected. Demographically, the majority of these technology education teachers were over 40 years of age (61.8%), held a master's degree (61.8%), and were members of a professional association (70.6%).
These technology education teachers indicated that overall, the learning activities included in the IED, CIM, and EDD curricula were perceived as the most effective. Examination of the effectiveness of the IED curriculum by the highest degree earned and professional association membership categories indicated no significant differences. However, it was noted that the middle-aged IED teachers (41 -50 years of age) perceived the IED learning activities lower than their younger or older IED counterparts. This difference tested significant by an ANOVA (F = 7.924, p = 0.002, df = 25). The fact that the older IED PLTW teachers (51 years of age and older) perceived the curriculum higher may indicate that this group views the PLTW IED curriculum as meeting the needs of their students and has accepted this new pre-engineering curriculum (Rogers, 1992) . The findings of this study must not be generalized beyond the sample of Indiana teachers. Furthermore, the reader is reminded that that data are based principally on the perceptions of teachers. However, this study does support the report of Bottoms and Anthony (2005) that indicated that PLTW students were receiving effective high school instruction based on effective curriculum and engaging learning activities. As noted by Rogers (2005) , Indiana technology education teachers have adopted the PLTW pre-engineering curriculum and perceive this new curriculum as effective in addressing their students' needs.
